Introduction
Studies show that the influence of OAJs in the scholarly communication system is growing. Kling and Callahan (2003) provide an overview of studies on perception of OA journals. The study by McVeigh (2004) documents that the number of OAJs in the citation indexes provided by ISI Thomson TM is growing, both in terms of creating new titles and conversion of established titles. Furthermore, OAJs are dominantly lower-ranking journals in their field measured by Journal Impact Factor (JIF) and Immediacy Index although OAJs rank higher by Immediacy Index, than by JIF. Sotudeh and Horri (2007a) analyse the performance of OAJs in terms of expected citation rates and conclude that OA is widely recognised by scientific communities.
However, the influence of OAJs is not growing with the same rate in all fields as field differences are indicated in the existing literature in terms of the number and the acceptance of OAJs. The sciences are undeniably leaders in establishing OAJs, however, they are distributed unevenly within the sciences (Borgman, 2007: 186) . In addition, Kling and McKim (2000) conclude that:
" [C] ommunicative plurality and communicative heterogeneity are durable features of the scholarly landscape, and […] we are likely to see field differences in the use of and meaning ascribed to communications forums persist, even as overall use of electronic communications technologies both in science and in society as a whole increases." (Kling & McKim, 2000 : 1306 The study by McVeigh (2004) shows great field differences, and high-ranking OA journals are the most likely to be found in the fields of physics, engineering and mathematics.
The present study aims to contribute to the understanding of the implications of the increasing number of scientific publications published by journals running under an OA model. The influence of OAJs is typically measured by their number or share; however, there are no bibliometric studies on whether they are integrated or recognised generally in the scholarly communities. Another aspect yet to be investigated is whether the integration of OAJs in both OAJs and non-OAJs varies from field to field. More specifically, this paper addresses the following research question: are OAJs integrated in the journal communication system? The research question can be specified further: Does the citing of OA and non-OA journals depend on the citing journal being OA or non-OA and do field differences influence that citing behaviour?
The paper is structured as follows: The following section formulates an operational definition of OAJs to be used in this study. The next section presents the collected data and the chosen methods, followed by a presentation of the results of the analysis. Furthermore, the paper includes a discussion, and the last section contains conclusions and the perspectives of the paper.
Open access journals
Open access means that scientific publications are made freely available on the Internet, without any access restrictions. OA can be achieved using a number of different financing models. Thus, Willinsky (2006) identifies ten different models of providing open access to scholarly publications including both self-archiving and OAJs. OAJs can be seen as the second phase or strategy in the process of achieving open access (Brody & Harnad, 2005) . The open access publishing strategy comprises of creating or converting traditional toll-access journals into open access journals. Furthermore, the strategy includes finding funding support for the publication costs and persuading authors to publish in OAJs. A few years ago, about 4% of scholarly journal titles and 1-2% of articles were directly published as open access (Harnad et al. 2004 ).
According to Moed (2007) the term open access is used with two different definitions. It is used to specify scientific publications published in a journal running under an open access model. However, it is also used to specify scientific publications that are freely available, not considering if they where originally published in a journal running under an OA model or in a journal managed under other business models but characterised by being deposited in a freely accessible archive such as a personal homepage, institutional repository or subject-based archive (Moed, 2007 (Moed, : 2047 . This study focuses on OAJs; however, non-OAJs and OAJs can in practise be difficult to separate as non-OAJs can de facto be at least partially OA. Journals managed under other business models than OA can be partly OA because single publications can be self-archived by e.g. the author(s). Some journals provide free access after an embargo period. Furthermore, many scholars have full text access to non OAJ articles through university or corporate licences implying that these scholars would not perceive non-OAJ and OAJ differently in terms of access.
The focus of this study is on a potential keenness or reluctance of authors (or editors) to integrate OAJs in the reference lists of the accepted publications in non-OAJs and OAJs. The key issue is not the accessibility of single publications but on the perception of quality tied to OAJs in various disciplines. Thus, self-archived non-OAJ articles do not distort the point made here.
However, the vast field differences in use of OA and choice of OA model do necessitate that the fields are analysed separately.
The operational definition of OAJs in this study is journals managed under a business model that does not charge readers or their institutions for access. Journals with limited free access (e.g. free access is restricted to a select period of time or a select sample of publications in the journal) are not regarded as OAJs. 1
Methods
A statistical analysis of the importance of type of media (OA versus non-OA) on the citing and cited side is an approach similar to the one used by Baldi (1997 Baldi ( , 1998 Nicolaisen, 2007 for recent review of theories of citation analysis), the citation analysis framework provides the opportunity to analyse what Cronin (2001: 2) refers to as "links (reference citations) provided routinely by authors in their reports and papers [which] are a means of exposing the underlying socio-cognitive structure of science." characteristics of the journals as well as for their degree of interaction or dependency. The method has been used by Frandsen (2005) , albeit with a focus on the degree of dependency between American and European economics journals.
The journals included in this study were selected from three science disciplines. Ideally, social sciences and humanities disciplines could have been included but as relatively high numbers of OAJs within the selected disciplines are required, the present study is restricted to the sciences.
The data in this study was analysed as three separate datasets as it is crucial to be able to control for discipline and sub-discipline specific variances. The analysis was performed on the basis of data from 2006 as this was the most recent publication year completed in the citation databases at the time of the data collection. The disciplines selected were biology, mathematics, and pharmacy and pharmacology as described by the classification scheme of Ulrich's Periodicals Directory™. They were selected on the basis of the number of OAJs which varies considerably among disciplines. 3 For the statistical analyses it is essential to select a discipline with a relatively high number of OAJs. A considerable number of OAJs convert into non-OAJs (Sotudeh & Horri, 2007b) , however, as the development over time is not the focus in this study it is sufficient that the journal had OA status at the time of data collection. An overview of the included journals and some of their characteristics is provided in appendix 1-3. Within the discipline of biology journals from 5 biology sub-disciplines were selected resulting in 74 journals, within mathematics 25 general journals, and within pharmacy and pharmacology 20 journals from 2 sub-disciplines were selected. The smaller number of journals in the two latter disciplines is due to a smaller number of OAJs in these two disciplines and resulted in the exclusion of language as independent variable in those models.
The variables in the linear regressions consisted of a dependent variable and a number of independent variables. The dependent variable in this study was the dependency of the citing journal on the cited journal. Dependency was measured by the number of references from one journal to another which was determined using the Science Citation Index (SCI). The cited work field is uncontrolled and consequently attention must be paid to the different forms of names as well as articles in press. However, as the total number of references and the number of references to other publication types than journal articles (e.g. books and working papers) varies considerably across journals 4 , normalisation is needed. The number of references is normalised by dividing the number of references by the total number of references in the citing journal and multiplying by a hundred to get the relative dependency in per cent. The relative dependency of journal i on journal j is defined as follows:
Number of references i,j * 100
Number of references i
The distribution of references across journals is expected to be influenced by a number of factors not related to the issue of OA. These factors were sought captured by a number of independent variables as they could potentially distort the results if not included. The relative dependency of journals was primarily described by the following independent variables: subdiscipline, JIF, publication patterns, OA and variables describing the relationship of the citing and cited journal. The sub-disciplinary variables consisted of dichotomous variables of the subdisciplines (a journal could belong to more than one sub-discipline within the discipline as it depended on the indexing of the journals in Ulrich's). Geographical relations were described by a variable containing the geographic location of authors i.e. the share of authors located in three regions: North America, Western Europe and the rest of the world. 5 Furthermore, variables 4 Some journals have more references to other document types such as monographs and working papers and an increased dependency on these document types should be reflected in lower dependencies on the journals in this data sample. The importance of the journal article is varying considerably across disciplines (Moed, 2005: 129-130 ) and sub-disciplines (Frandsen & Nicolaisen, 2008) 5 In this study the general division of regions by the World Trade Organisation (WTO) is applied.
concerning the languages of the journals were constructed. A variable concerning the languages of the journals were constructed. Information on the language of an article was available in the citation indexes and a variable was created describing the language of the publication as being English or non-English. Information on the JIF and total number of citations received by the journals was available in Journal Citation Reports (JCR). It is essential to control for the average number of citations received per publication in any analysis of citing behaviour on journal level. Some journals receive 10 or 100 times as many citations as other journals and much higher degrees of dependencies on such journals must be expected. This is important as the focus of this study is not on explaining why some journals receive more citations than others, but rather to focus on the importance of the OA status of the cited journals in the citing journal. A variable describes the share of reviews (as journals consisting of many reviews are expected to be less likely to cite other journals also consisting of many reviews). The dichotomous OA variable was constructed on the basis of information from Ulrich's and confirmed on the journals' websites.
Finally, a number of variables described the dyadic character of the relationship between journals. The variables sought to capture the effect of own group preference which is an effect detected on many levels. Self-citations is a strong own group preference as confirmed by e.g. Fassoulaki (2000) , Aksness (2003) , Frandsen (2005) and Frandsen (2007) . Other, but probably weaker, own group variables are variables describing similarities between the citing and cited journal (e.g. same sub-discipline). The variable, dependency on this data sample, is the combined relative dependencies of a journal to all the journals in the dataset. The degree a journal depends on the other journals in this data sample should, in principle, increase the dependency on each single journal in the sample.
The results of the analysis presented below consist of different statistical analyses of the data material. One of the variables mentioned above was not included in the final models as it did not contribute to the understanding of the dependent variable (language). The slope coefficients for the linear relationships are given. Pearson's r 2 reveals information about the degree of correlation between the dependent and the independent variables when controlling for the effects of the other variables.
Results
In the following focus will be upon the variable characterizing whether the cited journal is an OAJ or not. If the coefficient to this variable in the statistical analysis is positive it indicates that this field has shown citing behaviour that gives more citations to OAJs than would have been expected on the basis of their characteristics. Thus such a field we shall describe as "OA including". If the coefficient to the variable is negative it oppositely indicates that journals in this field are citing OAJs less than their characteristics would imply, and such a field we shall denote as "OA excluding". Finally, if the coefficient is insignificantly different from zero, we shall denote the field as "OA neutral" as no apparent difference in the dependence of OA and non-OA can be found. Table 1 shows the results of a multivariate linear regression analysis of the citing behaviour of all journals from the samples within the three disciplines. It is apparent that the citing behaviour of all three fields is relatively well described by such an analysis, as R squared exceeds one half in all three regressions. From table 1 is it clear that when looking at the disciplines as a whole we should denote biology and mathematics as OA neutral whereas pharmacy and pharmacology is OA excluding.
Turning briefly to the other variables in the statistical models we see that there is a rather large degree of homogeneity in the importance of these across the three fields. In all three cases it is thus the case that the variables "Dependency on this data sample", "Cited journal JIF" and "Indicator for journal self-citations" influence the citing behaviour in the same (expected) way.
It is thus to be expected that a higher JIF will tend making the degree of dependency higher.
Similarly, the degree a journal depends on the other journals in this data sample should increase the dependency on each single journal in the sample -at least on average. Finally, it is well-known that a large percentage of citations are journal self-citations. In this context this translates into a higher degree of dependency on a journal when this is actually the journal itself. Since the dependency variable is measured in per cent, the coefficients to the indicator for self-citations show that the share of self-citing is between 1.2 and 1.7 percentage points higher than to a journal with otherwise similar characteristics. The variable "Combined share of reviews" is significant in two of the analyses with a negative sign. The reason for is that journals publishing a large share of review to a smaller extent are dependent on each other than on other types of journal where the reviewed literature is published. The importance of sub-discipline is also remarkable, although already established in the existing literature by e.g. Bordons and Zulueta (1997) ; Frandsen and Nicolaisen (2008) .
Coming back to our main variable of interest, namely the OA indicator variable, the significant coefficient to this variable in the regression for pharmacy and pharmacology means that an average OAJ received 8 citations less from each of the other journals than a similar non-OAJ in From table 2 it is apparent that when we look only at traditional non-OAJs we still find that pharmacy and pharmacology is OA excluding and biology is OA neutral. However, contrary to the overall status of mathematics, non OAJs in this field are OA including, giving more citations to OAJs in the sample than to other similar journals. In terms of numbers this means that the non-OAJs in mathematics gave 2 citations extra to each of the OAJs in the sample. The coefficients to the control variables are almost identical to those in table 1, confirming the overall robustness of the method. From table 3 we can see that for OAJs the analysis gives rise to somewhat different results than the two previous tables. We thus see that within biology OAJs are OA including whereas OAJs within mathematics, and pharmacy and pharmacology apparently are neutral with respect to their citing behaviour towards other OAJs. The coefficient to the OA variable for biology corresponds to one extra citation to each OAJ from each OAJ compared to the number of citations to a similar non-OA journal. Table 4 summarizes the findings with respect to citation behaviour towards OAJs for the three analyzed disciplines. As was already apparent in the presentation of the statistical analyses above there are great field differences in the integration of OAJs The main conclusion to be drawn from the table thus seems to be that any statement indicating a uniform advantage or disadvantage for OAJs is questionable. In fact the analysis in this paper seems to imply that the status of OAJs and the subsequent citations to them in OAJs as well as non-OAJs depend greatly on the fields and subfields in question.
Discussion
Before addressing the consequences of the findings it must be emphasized that the analysis in this paper only has included a subset of the science disciplines. The results of the empirical study are based on references from three science disciplines and cannot necessarily be generalized to other fields. Furthermore, self-archiving makes the demarcation of OAJs and non-OAJs vague. Finally, it should be noted that this type of analysis cannot provide explanations of low or high levels of dependencies of a single journal across the whole data sample as this effect (to a large extent) is captured by the variable containing JIF values. The method can, however, explain lower or higher dependencies of a set of journals within a field.
However, although limited, the results have implications for bibliometric studies.
To a wide extent OAJs and non-OAJs can be described by the same elements. Many of the same variables in the multiple linear regressions are statistically significant with identical signs providing evidence of the strength of the models used in this study. Both OAJs and non-OAJs cite journals with a high JIF more and journals depending greatly on this data sample have higher dependencies themselves as cited journals. Regardless of being OA or NOA the journals have strong own group dependencies in terms of self-citations and sub-discipline self-citations.
These variables are included as control variables and expected to turn out statistically significant with a positive coefficient. However, the results of the analyses of OAJs and nonOAJs differ in terms of the use of OAJs depending on the discipline.
The present study contributes to the understanding of the so-called open access postulate defined as "authors are more likely to read, and thus cite, articles that are made available under an OA model" (Craig et al., 2007) . The findings in this study indicate that if such an effect exists for OAJs it is probably not found in all disciplines. The development of OA is not just a matter of the number of OAJs in a field but also to what extent they are accepted and used in non-OAJs as well as OAJs.
This study gives insight into the developments in scholarly communication. As pointed out by
Gläser (2003) the important issue is to what extent new forms of social order emerges due to the
Internet. The use of Internet can be positively related to author productivity (Kaminer, 1998; Barjak, 2006) , the Internet has facilitated large-scale collaborations (Finholt, 2002) and new communication regimes in biology based on online databases (Hilgartner, 1995) . However, Gläser (2003) argues that the Internet rapidly creates new social phenomena but they are not necessarily sociologically new. The social structure of the scientific communities could remain unchanged although it reforms the work practices. As Van Raan (1997: 447) • Causation
• Distinguishing between function and technology.
It must be stressed that one cannot make any causal arguments on the basis of the present analysis as it can point to the underlying structure of OAJs and non-OAJs in various fields but not explain why there are varying patterns of interaction among journals. It could be an issue of author perceptions of OA. Findings by Swan & Brown (2005) show that the main reason for not having published in an OAJ is lacking familiarity of the concept of OAJs or with specific OAJs in their field. Authors who have not published in OAJs perceive them to have low prestige and impact, directly in contrast to the perception of authors who have published in an OAJ. Another possible explanation is the specific research areas within sub-disciplines as Zhao (2005) and Talja, Savolainen and Maula (2004) find publishing behaviour being closely related to the research area of the author. A third perspective is the issue of access. Authors publishing in OAJs could have less access to articles published in non-OAJs and they must thus depend more on the publications freely available on the Internet in e.g. OAJs. However, it could also be selfarchived publications which are beyond the scope of this analysis to investigate.
On the other hand the second concern is easily determined as this study is based on data material with the same function. Both OAJs and non-OAJs are publishing mediums and the difference in citing behaviour is thus to be found in the financing models or the culture surrounding the journals. Summing up, it should be emphasized that until the causality has been further investigated one should be careful making definite conclusions on the integration of OAJs in the scholarly communication system. However, it can be concluded that there are differences in the scholarly communication in OAJs and non-OAJs across fields.
The results have implications for all researchers conducting bibliometric studies and the consequences for bibliometric research could be widespread. It will affect individuals or groups under study, how the data source used for the evaluation is covering OAJs and non-OAJs.
Bibliometric studies can be made using a wide variety of data sources and perhaps a combination of several data sources is preferable (Zhao & Strotmann, 2007) . Regardless, the choice of data source(s) the relative share of OAJs can make a difference for the evaluation of individuals or institutions as it is related to a different citing behaviour within some fields.
Should a pool of documents be sampled for further analysis, it is obviously of great importance how this is done. Such a sample could be problematic in terms of the relative size of OAJs and non-OAJs represented in the sample and one should be careful making generalizations (Nicolaisen, 2006) .
To ensure valid results of bibliometric studies it is crucial to recognize possible biases in coverage in terms of the access aspect that may lead to biased results. In an evaluation that takes place across a wide board of journals (being both OA and non-OA) attention must be paid to the factors that may be determining the results of the analysis and appropriate precautions must be taken before initiating bibliometric studies using journal articles from either one or both as pools of documents. Analyses into the underlying structures of a discipline provide valuable insight in the scholarly communication of that field. Journal interaction analysis as performed in this study can reveal some of the hidden structures that are determinants for the results from citation analysis.
Conclusion
The results of this study confirm the many similarities between OAJs and non-OAJs which are in accordance with the resemblance in function. However, the results also point to dissimilarities. Causation cannot be determined in the present study; however, it is clear that in 
